BATTERY HEATING CIRCUIT 



Related Application 

This is a continuation-in-part patent 
application based upon prior filed copending utility 
application Serial No. 10/452,738, filed June 2, 2003, 
which is based on prior filed provisional application 
Serial No. 60/396,292 filed July 17, 2002, the 
disclosures which are hereby incorporated by reference 
in their entirety. 

Field of the Invention 

This invention relates to batteries, and more 
particularly, to batteries with heating and discharge 
circuits . 

Background of the Invention 

The copending patent application serial no. 
10/452,738 ("the f 738 application") addresses the 
problem where federal, state and local agencies require 
many types of batteries, including primary or 
rechargeable batteries, for example lithium batteries 
as one example only, to be discharged completely prior 
to discarding the battery. Many batteries must be 
disposed of in a reliable manner because of the 
inherent risk of fire or explosion created by the 
improper use or disposal of batteries. As hazardous 
batteries become more commonplace to power personal and 
commercial equipment, it is necessary to improve 
battery discharge systems associated with these types 
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of hazardous batteries and overcome prior art 
reliability problems in battery discharge, such as 
caused by moving components, and/or sealing problems. 
Often, water seeps into a battery casing. If a cell is 
5 hazardous, such as lithium, and contacts the water, it 
could explode. Thus, it is required to fully dissipate 
any battery charge, such as a lithium battery, before 
it can be disposed to minimize the chance of explosion 
or fire. 

10 Typically, prior art batteries have often 

been discharged using external clip leads and 
resistors. This method is generally crude and 
unreliable. It could also create a shock potential. 
Other battery discharge systems offer some improvement, 

15 but still pose problems. For example, U.S. Patent No. 
6,270,916 to Sink et al . discloses a complete discharge 
device for a lithium battery that is more reliable than 
an external clip and resistor. It uses internal 
electromechanical switches and resistors, and "pull 

2 0 tabs" that are accessed via access holes formed in the 
battery case. This type of battery Complete Discharge 
Device (CDD) uses a CDD actuator that is or may be 
prone to self -activation under physical abuse 
conditions. A switch, formed of a switch contact, such 

25 as a spring contact, is biased toward a contact pad. 
When the contact and contact pad meet, the discharge 
circuit is activated. Other prior art battery 
discharge devices use switches that can be actuated by 
knobs, handles or screws. These actuation devices can 

30 typically be accessed from outside the battery by 
removing a watertight cover or instruction label. 

Other patents disclose different types of 
battery discharge systems, such as U.S. Patent Nos . 
4,407,909; 4,695,435; 5,119,009; and 5 , 185 , 564 . The 

35 l 009 patent discloses another manually operated switch 
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that selectively couples the discharge mechanism to at 
least one lithium cell to complete discharge. The f 564 
patent discloses a battery discharge apparatus using a 
strap for mounting a housing to a battery and having 
5 adjustable contact members. Similar to other prior art 
battery discharge mechanisms and systems, these 
disclosed systems could be unreliable because they 
often use electromechanical and/or other types of 
moving or unreliable parts. 

10 There is also a requirement that batteries be 

watertight . This requirement becomes critical when the 
battery contains a lithium cell that could explode upon 
contact with water. To meet this stringent design 
requirement, a watertight seal is often provided 

15 between the battery casing and any actuator used for 

actuating a battery discharge circuit. In some battery 
designs, this is accomplished by using a "peel off" 
label over an access hole, or a nylon seal positioned 
between an actuator and a battery casing. These seals, 

20 however, have often proven unreliable, particularly 
when the internal pressure in the battery increases 
because of temperature changes or altitude changes. 

The invention set forth in the r 738 
application overcomes these reliability and sealing 

25 problems for these batteries. In the '738 application, 
a light sensing circuit is used and contains no moving 
parts, and is connected to a battery discharge circuit 
such that the battery discharge circuit is actuated 
after exposing to light the light sensing circuit. 

30 The light sensing circuit is preferably 

mounted within the battery. The battery can have an 
opening (preferably watertight) formed in the battery 
casing through which ambient light enters for exposing 
the light sensing circuit. A removable, opaque cover 

35 is positioned over the opening and blocks light from 



passing onto the light sensing circuit. Upon removal 
of the opaque cover, the light sensing circuit is 
exposed to light. A lense is preferably positioned and 
sealed in a watertight manner at the opening to prevent 
5 water from passing into the battery and engaging a 

battery, for example, a lithium cell or other similarly 
hazardous cell. The lense allows light through the 
opening and onto the light sensing circuit upon removal 
of the cover. In one aspect of the present invention, 

10 the cover comprises a removable label adhesively 

secured onto the battery. A latching circuit can latch 
the battery discharge circuit into an "ON" condition to 
maintain battery discharge even when the light sensing 
circuit is no longer exposed to light. 

15 There are also different functions associated 

with battery discharge circuits. One of these 
functions is a heating circuit. Examples of battery 
heating circuits include those disclosed in U.S. Patent 
Nos. 3,440,109; 3,623,916; 5,508,126; 5,599,636; 

20 5,795,664; 5,834,131; 5,990,661; 6,002,240; 6,072,301; 
6,078,163; 6,259,229; 6,392,388; and 6,441,588. 

One drawback that may not be adequately 
addressed by prior art proposals is that associated 
with the increase in internal battery resistance, which 

25 increases significantly at these lower temperatures. 
In most battery applications, the equipment being 
powered by the cell or battery has a minimum operating 
voltage, commonly called the "cut-off voltage." A 
reduced terminal voltage at lower temperatures causes 

30 the powered equipment to reach its cut-off voltage 
prematurely, while the cell or battery has much 
remaining stored capacity. This phenomenon becomes 
dominant at the lower 10°C or so of the cell or battery 
specified operating temperature range. In some cases 

35 at the minimum, specified operating temperature, it is 
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possible to obtain only 10% or 20% of the total 
capacity from the cell or battery. It would be 
advantageous to develop a battery and circuit that 
would overcome this problem in a reliable and 
5 acceptable, but cost effective and simple manner. 

There is also a problem with some prior art 
batteries of intentional or inadvertent attempts to 
charge primary cells or batteries, but instead causing 
catastrophic failures of the cell or battery. As a 

10 result, many battery customers specify that some type 
of charge protection be provided within a battery. 
Many current charge protection technologies use diodes 
in series with each string of cells or batteries to 
prevent charging. While the use of diodes performs an 

15 intended function, it has some drawbacks. For example, 
in many battery applications, the equipment being 
powered by the cell or battery has a minimum operating 
voltage, commonly called the "cut-off voltage." Some 
charge protection diodes typically have a forward drop 

20 or loss of about 300 millivolts to 1 volt or more. The 
diode loss causes the powered equipment to reach its 
cut-off voltage prematurely, while the cell or battery 
has much remaining stored capacity. Also, the diode 
dissipates power that is delivered by the cell or 

25 battery, but is not delivered to the load. This 
phenomenon is aggravated at lower operating 
temperatures because the internal resistance of the 
cell or battery increases at lower temperatures and 
thereby lowers its terminal voltage. It would be 

30 advantageous if a battery and circuit could be 

developed to minimize diode loss and provide charge 
protection and diode replacement. 

In other battery applications, there are two 
voltage limits that the battery must meet. There is an 

35 open circuit voltage that must not be exceeded. If it 
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is exceeded, damage to the load that the battery is 
powering could occur. There is also a minimum 
operating or cut-off voltage that must be maintained or 
the load that the battery is powering may cease to 
5 function. Because of internal resistance of the cells 
in a battery, the cell voltage drops significantly as a 
load is applied. This problem is aggravated at colder 
temperatures . 

Generally, the voltage requirements can be 

10 met by stacking as many series cells as possible 
without exceeding the open circuit voltage. Many 
parallel strings of cells are then added as required to 
meet the cut-off voltage under the battery load and 
temperature operating requirements. This approach is 

15 effective, but normally requires adding more cells than 
would normally be required. Besides adding weight and 
cost to the overall application, this approach may not 
fit some physical space limitations. An alternative 
approach has been the use of voltage regulation 

20 circuitry such as DC-to-DC converters. This approach 

may also be an improvement over adding parallel strings 
or cells, but it is costly, complex and tends to be 
energy inefficient . 

It would be advantageous if a battery and 

2 5 circuit could be used for overcoming the above -noted 
problems . 

Summary of the Invention 

The present invention overcomes the problem 
30 when a cell or battery has a minimum operating voltage 
(the "cut-off voltage") and overcomes the problem 
resulting at lower temperatures where the powered 
equipment reaches its cut-off voltage prematurely while 
the cell or battery has remaining stored capacity. The 
35 present invention provides a simple circuit design 
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using a temperature sensor and heating built into the 
battery. The temperature sensor detects when the cell 
or battery temperature is below the temperature where 
available capacity is limited, such as 10°C above the 
5 minimum specified operating temperature of a cell as 
one non-limiting example. The sensor turns on an 
internal battery heating element that raises the 
temperature sufficiently such that the battery can 
deliver most of its rated capacity. A discharge 

10 current circuit could lock out the heater when a 
battery is not in use to prevent the heater from 
discharging the battery when stored at cold 
temperatures . 

It is possible that the battery could be 

15 required to delivery high energy, short duration 

discharge pulses. A discharge or load current sensor 
could turn off the heater when the discharge current is 
high and ensure that all the available energy from the 
battery will be delivered to the low periods of peak 

2 0 demand . 

In accordance with the present invention, a 
self-heating battery for delivering its rated capacity 
is disclosed and is operative when the battery is below 
a temperature when the available battery capacity is 

25 limited. The self-heating battery includes a battery 
that could be formed as one or more battery cells. A 
heating element is operatively connected to the battery 
and powered therefrom for heating the battery. A 
temperature sensor determines the temperature of the 

30 battery. A switch is operatively connected to the 

heating element and temperature sensor and responsive 
to the temperature sensor for switching on the heating 
element and raising the temperature of the battery to 
allow the battery to deliver its rated capacity when 

35 the sensed temperature of the battery is below a 
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temperature where available battery capacity is 
limited . 

The switch could include a transistor switch 
or a field effect transistor. A comparator could have 
5 an output connected to the switch and inputs connected 
to the temperature sensor for comparing a temperature 
differential and turning the switch on and off and 
controlling operation of the heating element. A load 
current sensing circuit is connected to the heating 

10 element and controls operation of the heating element 
and prevents the battery from discharging when the 
battery is stored at cold temperatures. The load 
current sensing circuit includes a switch operatively 
connected to the heating element and responsive to load 

15 conditions. The load current sensing circuit could 

include a load sensing device and a comparator having 
inputs operatively connected to the load sensing 
device. An output is operatively connected to the 
switch for controlling operation of the switch and 

20 heating element based on sensed load conditions. 

A battery discharge circuit could be 
connected to the battery for discharging the battery. 
This battery discharge circuit could be formed as a 
light sensing circuit operatively connected to the 

25 battery discharge circuit that actuates the battery 

discharge circuit after exposing the light to the light 
sensing circuit . 

In yet another aspect of the present 
invention, a charge protection circuit could be 

3 0 operatively connected to the battery for limiting 

damage to the battery during charging. A flying cell 
circuit could also be operatively connected to the 
battery for meeting open circuit and cut-off voltage 
requirements . 



35 
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Brief Description of the Drawings 

Other objects, features and advantages of the 
present invention will become apparent from the 
detailed description of the invention which follows, 
5 when considered in light of the accompanying drawings 
in which: 

FIG. 1 is a fragmentary, sectional view of a 
battery and showing basic components for discharging 
the battery in accordance with the present invention, 

10 including a photocell as a light sensing circuit, an 

opaque pull tab, a transparent lense within a "window" 
opening of the battery casing, a circuit card that 
mounts components and includes a break-off tab, and the 
battery cells, such as lithium cells. 

15 FIG. 2 is a high level block diagram showing 

basic components used in the apparatus for discharging 
a battery in accordance with the present invention. 

FIG. 3 is a schematic circuit diagram of the 
battery discharge circuit and light sensing circuit 

2 0 that can be used in the present invention. 

FIG. 4 is a schematic circuit diagram of one 
example of a battery heater circuit of the present 
invention . 

FIGS. 5 and 6 are two different schematic 
25 circuit diagrams of examples of a charge protection 

circuit using a field effect transistor used with the 

present invent ion . 

FIG. 7 is a schematic circuit diagram of a 

flying cell circuit using an extra series, tier of 
30 cells that are switched into service when the battery 

voltage falls to near the minimum cut-off voltage, and 

are switched out of service when the battery voltage 

rises to near the open circuit voltage. 



35 
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Detailed Description of the Preferred Embodiments 

The present invention will now be described 
more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments 
5 of the invention are shown. This invention may, 

however, be embodied in many different forms and should 
not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided 
so that this disclosure will be thorough and complete, 

10 and will fully convey the scope of the invention to 

those skilled in the art. Like numbers refer to like 
elements throughout . 

For purposes of description and background, 
the battery discharge circuit disclosed in the l 738 

15 application will be set forth relative to FIGS. 1-3. 

After describing in detail a battery discharge circuit 
relative to FIGS. 1-3, a description of other circuits 
that could operate alone or in conjunction with the 
battery discharge circuit will be set forth in detail. 

2 0 An example of a battery heater circuit of the present 

invention is shown in FIG. 4. Two examples of a charge 
protection circuit using a field effect transistor are 
shown in FIGS. 5 and 6. An example of a flying cell 
circuit that could be used with the present invention 

25 is shown in FIG. 7. 

As shown in FIGS. 1 and 2, an apparatus for 
discharging a battery is shown, and includes a battery 
(a primary or rechargeable) , for example, a lithium 
battery as a non- limiting example, having a number of 

30 battery cells 12 contained within a battery casing 16. 
The battery casing 16 includes positive and negative 
terminals 16a, 16b, which interconnect the battery 
cells 12. A battery discharge circuit 18 is contained 
within the battery casing 16, such that when actuated, 
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discharges the battery, and more particularly, the 
battery cells 12. 

The battery discharge circuit 18 is formed on 
a circuit card 20 that is positioned in a medial 
5 portion of the battery casing 16, as a non-limiting 
example. A light sensing circuit 22 is operatively 
connected to the battery discharge circuit 18 and 
actuates the battery discharge circuit 18 after 
exposing to light the light sensing circuit. This 

10 circuit 22 also can be formed on the circuit card 20. 

The battery casing 16 preferably includes an opening 24 
that forms a "window" for exposing the light sensing 
circuit 22 to light. This opening 24 preferably 
includes a lense 26, such as a transparent or 

15 substantially translucent lense, which can be formed 
from glass, plastic or other material known to those 
skilled in the art. 

The lense 26 is positioned within the opening 
24 and sealed to form a watertight barrier to moisture 

2 0 and water. A removable and opaque cover 2 8 is 

positioned over the opening 24 and lense 26 to block 
light from passing onto the light sensing circuit until 
the cover is removed. In one aspect of the present 
invention, the opaque cover 2 8 could be a label or 

25 opaque, pull tab 28a (FIG. 1) that is adhesively 

secured to the battery casing and over the lense. Once 
the cover or tab 28, 28a is pulled from the casing, 
ambient light passes through the lense 26, through the 
opening 24, and onto the light sensing circuit 22 to 

30 actuate the battery discharge circuit 18. 

As noted before, the lense 26 is preferably 
mounted in the opening 24 in a watertight seal to 
prevent water from seeping into the battery casing 16 



-12- 

and creating a fire hazard or explosion by contacting 
any lithium or other hazardous cells that have not been 
completely discharged. It should be understood that 
the watertight seal is provided by the lense 26 with 
5 the battery casing 16 and not by any pull tab, label or 
other cover 28 that is positioned over the opening. 

Preferably the light sensing circuit 22 
includes a latch circuit 30 that latches the battery 
discharge circuit 18 into an ON condition to maintain 

10 battery discharge even when the light sensing circuit 
is no longer exposed to light. A non-latching circuit 
could be used, but the light sensing circuit would 
require continual exposure of light to fully discharge 
the battery. Thus, with the latching circuit, the 

15 battery can be placed in a position such that light 
initially exposes the light sensing circuit 22. The 
light source can be removed while the battery maintains 
its discharge process. 

An arming circuit 32 can be provided that 

20 arms the light sensing circuit 22 for operation after 
battery assembly. Thus, during the initial 
manufacturing process, the light sensing circuit 22 and 
battery discharge circuit 18 are disarmed and not 
operable. Any exposure of the light sensing circuit 22 

25 to light will not activate the battery discharge 

circuit 18. At final assembly, however, the light 
sensing circuit, such as a light sensor, for example, a 
photocell 34 (FIG. 1) , can be installed in the battery 
casing through a casing opening 35 and the opaque label 

30 placed over the lense 26 positioned in the opening 24 

or "window. " When the circuit is armed, a casing cover 
or lid 36 can be attached and sealed to the battery 
casing. This arming circuit could be formed as a 
simple switch, a removable jumper connection, or 
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printed circuit card, break-off tab 20a (FIG. 1) , which 
once broken off, would allow the casing cover 36 to be 
placed thereon. 

FIG. 3 shows an example of one type of 
5 circuit, as a non-limiting example, which could be used 
for the battery discharge apparatus. As illustrated, 
an operational amplifier 40 as a differentiator or 
similar circuit is operatively connected to the battery 
cell(s) with appropriate terminals labeled El and E2 

10 having a potential difference therebetween for positive 
and negative values. The operational amplifier 40 
includes the inverting input terminal 4 0a and the non- 
inverting input terminal 40b, appropriate voltage 
supply terminals 40c, 40d and an output terminal 40c. 

15 As illustrated, the operational amplifier 40 has a 

positive feedback loop circuit 42 and loopback resistor 
42a that increases output and allows the operational 
amplifier to drive harder to saturation. The 
operational amplifier 40 switches state to turn on a 

20 transistor 44 acting as a switch, such as the 

illustrated NPN transistor, which connects to a light 
emitting diode 46 and resistor circuit having a 
resistor network 48 also forming a battery discharge 
load to allow discharge of the battery or battery cell. 

25 The light emitting diode 46 also emits light and acts 
as a visual indication of activation and could be used 
for battery discharge. 

The light sensing circuit 22 includes a light 
dependent resistor 50 (as a non-limiting example) that 

3 0 can be formed such as by cadmium sulfide or other 

resistor material. The light dependent resistor 50 has 
a resistance value that decreases when exposed to 
light. The light dependent resistor 50 is operatively 
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connected in series to a capacitor 52. Both the 
resistor 50 and capacitor are parallel with a voltage 
divider circuit 54 having two resistors 54a, 56b to 
provide a voltage divided input to the inverting input 
5 terminal 40a. The capacitor 52 could be designed with 
circuit components to provide some low pass or other 
filtering function. It also provides momentary disarm 
(when initially connecting to the battery) . When 
transistor 44 is switched ON, in conjunction with the 

10 switched state of the operational amplifier, the 

discharge of cells remains even though the resistor 50 
is no longer exposed to light. The light dependent 
resistor 50 and capacitor 52 also form a divider 
circuit that provides the input to the non- invert ing 

15 input terminal 50b, which as noted before, receives the 
positive feedback from the output terminal 40c. 

In this particular example, the arming 
circuit 32 is illustrated as a jumper line 60 and 
provides a current flow direct to the inverting input 

2 0 terminal 40a such that even when the operational 

amplifier 40, transistor 44, and overall battery 
discharge circuit 18 are connected to the battery 
cells, if the light dependent resistor 50 is exposed to 
light, and the resistance of the light dependent 
25 resistor drops, the jumper line 60 as illustrated 

provides a "short" to the inverting input terminal 40a 
such that the operational amplifier would not saturate 
and switch operating states. Thus, the operational 
amplifier would not bias the transistor ON to actuate 

3 0 the battery discharge circuit and operate the light 

emitting diode and thus allow discharge of the battery. 
This jumper line 60 could be formed as part of the 
circuit card 20 on the tab 20a, as shown in FIG. 1, 
such that before the battery casing cover 36 is placed 
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on the battery casing, the breakable tab 20a formed on 
the circuit card 20 is broken to break the circuit line 
connection, as illustrated, and arm the circuit. 

FIGS. 4-7 indicate other circuits that can be 
5 used in combination with the battery discharge circuit 
as described relative to FIGS. 1-3. It should be 
understood that the battery discharge circuit as 
described can be one type of battery discharge circuit 
and other discharge circuits can be used as suggested 

10 by those skilled in the art. It should also be 

understood that the circuits described relative to 
FIGS. 4-7 could operate within a battery alone or in 
combination with a battery discharge circuit. An 
example of a battery heater circuit of the present 

15 invention is shown in FIG. 4. Two examples of a charge 
protection circuit using a field effect transistor are 
shown in FIGS. 5 and 6. An example of a flying cell 
circuit of the present invention is shown in FIG. 7. 
The reference numerals begin in the 100 series for the 

20 description relative to FIGS. 4-7. 

FIG. 4 is a schematic circuit diagram of one 
example of a battery heating circuit 100 that can be 
used in the present invention and shows a battery 
formed by one or more battery cells 102 operatively 

25 connected to a battery discharge apparatus or circuit 
104, such as the battery discharge circuit described 
relative to FIGS. 1-3. It should be understood that 
other battery discharge circuits other than that 
described relative to FIGS. 1-3 could be used in the 

30 present invention. The battery heating circuit 100 
overcomes the problem where a cell or battery has a 
minimum operating voltage for the "cut-off voltage" 
and, at lower temperatures, any powered equipment 



-16- 

reaches its cut-off voltage prematurely while the cell 
or battery has remaining stored capacity. 

The battery heating circuit 100 can typically 
be included within a battery casing together with the 
5 battery discharge circuit 104 and any battery cells and 
includes a heating element 106, a load current sensor 
108, and a temperature sensor 110 connected to a first 
operational amplifier operable as a comparator (op amp) 
112 . The load current sensor 108 is connected to a 

10 second comparator circuit formed as a low current 

sensor op amp 114a and high current op amp 114b. Each 
op amp 114a, 114b has its output connected to a 
respective switch 118a, 118b, each formed as a field 
effect transistor in this illustrated embodiment. 

15 Although two op amps 114a, 114b are illustrated, it 

should be understood that one or more than two op amps 
could be used in parallel with the first op amp 112. 

The temperature sensor 112 senses temperature 
when the cell or battery temperature is below the 

20 temperature where available capacity is limited, such 
as 10°C above the minimum specified operating 
temperature of the cell. The temperature sensor 110 is 
operative with the first op amp 112 to turn on the 
internal battery heater by providing power to the 

25 heating element 106 that is also operatively connected 
to battery cells 102 for power. This raises the 
temperature sufficiently such that the battery can 
deliver most of its rated capacity. 

The load current sensor 108 is typically 

30 formed as a resistor, but other devices could be used. 
The sensor 108 is operative with the circuit to lock 
out the heating element 106 via the op amps 114a, 114b 
when the battery cell is not in use to prevent the 
heating element from discharging the battery when 
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stored at cold temperatures. Op amps 114a, 114b are 
operable with the serially connected switches 116, 
118a, 118b to lock out the heating element. As 
illustrated, op amps 112 , 114a, 114b are connected to 
5 respective switches 116, 118a, 118b f each formed in 

this non-limiting example as a field effect transistor 
and operative as switches and connected to the output 
of the op amps 112, 114a, 114b. 

The temperature sensor 110 is connected to 

10 both the inverting and non- inverting inputs of the op 

amp 112 . When the temperature is below the temperature 
where available capacity is limited, the output of the 
op amp 112 causes the switch 116 to turn on the heating 
element 106. When the switch 116 is a field effect 

15 transistor (FET) , it switches "ON" to provide power to 
the heating element. 

The low current sensor and high current 
sensor op amps 114, 118a, 118b have their inverting and 
non- inverting inputs connected on either side of the 

20 load current sensor 108 formed in this example as a 
resistor to determine the voltage drop across the 
resistor. The outputs from at least one of the op amps 
118a, 118b turns on a switch 118a, 118b, which in turn, 
would allow the heating element 102 to be switched 

25 "OFF" or "ON" as desired in conjunction with 
temperature sensor 110 and switch 116 . 

In another aspect of the invention, the 
battery could be required to deliver high energy, short 
duration discharge pulses. A load current sensor or 

3 0 other sensor could be operative to turn off the heating 
element when the discharge current is high. It could 
also ensure that available energy from the battery will 
be delivered to the load during periods of peak demand. 
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The temperature sensor could be many different types of 
temperature sensors chosen by one skilled in the art. 

Also, the battery discharge circuit 100 could 
include various sensors for locking out the heating 
5 element when the battery is not in use and turning off 
the heating element when a discharge current is high. 
The circuit of FIG. 4 could be modified for different 
types of battery cells and circuits. 

FIGS. 5 and 6 illustrate a charge protection 

10 circuit 120 that uses a field effect transistor (FET) 
122 and an operational amplifier 124 to sense current 
through the FET by measuring a voltage drop. In an 
acquiescent state, the op amp 124 senses no voltage 
across the FET (no current through it) and biases the 

15 FET off. The FET in both FIGS. 5 and 6 has an inherent 
body diode 126, as illustrated. Two different circuits 
as non-limiting examples are shown in FIGS. 5 and 6. 
Common elements in both circuit examples for FIGS. 5 
and 6 use common reference numerals. Both FIGS. 5 and 

20 6 show the battery discharge circuit 104 and battery 
cell (s) 102 in parallel with the battery discharge 
circuit 120. These circuits would typically be all 
contained within a battery casing. The operational 
amplifier 124 in both FIGS. 5 and 6 has an output 

25 connected to the input of the field effect transistor 
122, which operates as a switch. In both examples of 
FIGS. 5 and 6, an inherent body diode 12 6 is connected 
to and in parallel to the source and drain of the field 
effect transistor 122, as illustrated. 

3 0 In FIG. 5, the non-inverting input of the op 

amp 124 is connected to the field effect transistor 122 
at its output in a feedback loop configuration. The 
inverting input is operatively connected to the at 
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least one battery cell 102 and field effect transistor 
122, as illustrated. 

In FIG. 6, the non- invert ing and the 
inverting inputs of the op amp 124 are connected to a 
5 resistor 128 connected to battery cell 102. The 

resistor is operative as a load sensor, thus allowing 
the op amp 124 to measure the voltage drop developed 
across the resistor, which is connected to the battery 
cell (s) 102 (and discharge circuit 104) as illustrated. 

10 The circuits of FIGS. 5 and 6 also allow charge 
protection diode replacement. 

FIG. 7 is a schematic circuit diagram of a 
flying cell battery circuit 130 that overcomes the 
problem where typical battery applications include two 

15 voltage limits that a battery must meet, as described 
above. In this type of arrangement, there is an open 
circuit voltage that must not be exceeded, or damage to 
a load could occur. There is also a minimum operating 
or cut-off voltage that must be maintained, or the load 

20 may not function. Because of internal resistance of 
the cells in a battery, the cell voltage drops 
significantly as a load is applied. This is aggravated 
at colder temperatures. 

In some prior art proposals, the voltage 

25 requirements have been met by stacking as many series 
cells as possible without exceeding the open circuit 
voltage and adding as many parallel strings of cells as 
required to meet the cut-off voltage under the battery 
load and temperature operating requirements. This 

30 approach is effective and normally requires adding more 
cells than would normally be required. Besides adding 
weight and cost, this approach will not fit some 
physical space limitations. 
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An alternative approach has been the use of 
voltage regulation circuitry such as DC-to-DC 
converters. This approach is an improvement over 
adding parallel strings of cells, but it is costly, 
5 complex, and tends to be energy inefficient. 

The flying cell circuit 130 of the present 
invention shown in FIG. 7 overcomes these shortcomings. 
It uses an extra tier of cells that is switched in when 
the battery voltage falls to near the minimum cut-off 

10 voltage and is switched out when the battery voltage 

rises near the open circuit voltage. As a result, the 
open circuit and cut-off voltage requirements may be 
met over a wide range of load currents and operating 
temperatures with a minimum number of cells, minimum 

15 complexity, and maximum energy efficiency. 

For rechargeable batteries, additional 
circuitry can be used to ensure proper charging. The 
voltage of the flying cell is sensed and compared to 
the individual voltages of the standard or main cells. 

20 When the voltage of the individual main cells is lower 
than that of the flying cell (normally the case as the 
flying cell is in circuit only a portion of the total 
discharge time) , the switching circuit connects the 
charger to the main cells. When the voltage of the 

25 individual main cells rises to equal that of the flying 
cell, the switching circuit connects the charger to the 
series combination of main cells and the flying cell. 

As shown in FIG. 7, the main and fly cells 
132, 134 are serially connected. The battery discharge 

30 circuit 104 is connected to the main cells 132 and a 
flying cell 134 in a parallel connection. The flying 
cell 134 could be a single or plurality of cells. 
First, second and third voltage divider circuits 135, 
136, 138 include resistors 140 chosen for providing 
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desired voltage drops. First and second voltage 
divider circuits 135 , 136 are connected to a charge 
comparator 144 and the third voltage divider circuit 
138 is connected to the discharge comparator 142. The 
5 first voltage divider circuit 135 connects to the non- 
inverting input and the second voltage divider circuit 
136 connected to the inverting input of charge 
comparator. The third voltage divider circuit 138 is 
connected to the non- invert ing input of the discharge 

10 comparator 142 . The third voltage divider circuit 138 
is operative with a reference 146, shown as a Zener 
diode in this one non-limiting example. The inverting 
input of the discharge comparator 142 is connected to a 
first terminal of a pole switch 150. The flying cell 

15 134 and the first voltage divider circuit 134 is also 
connected. The output of the discharge and charge 
comparators 142, 144 are connected to the switch 150 as 
illustrated. The main cells 132 are connected to the 
other terminal of the switch 150, as are second and 

20 third voltage divider circuits 136, 138 and inverting 
input of op amp 142. 

The discharge comparator 142 and charge 
comparator 144 compare the battery voltage when it 
falls to near the minimum cut-off voltage and allows 

25 the extra tier of cells as a flying cell to be switched 
in when the battery voltage falls to this near minimum 
cut-off voltage that could be established as desired by 
those skilled in the art. It is switched out when the 
battery voltage rises near the open circuit voltage. 

3 0 The voltage on the flying cell is sensed and compared 
to the individual voltages of the standard main cells 
132. When the voltage of the individual main cells 132 
is lower than that of the flying cell 134, the 
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switching circuit 150 connects the charger to the main 
cells. When the voltage of the individual main cells 
132 rises to equal that of the flying cell, the 
switching circuit 150 connects the charger to the 
5 series combination of main cells and the flying cell. 

Many modifications and other embodiments of 
the invention will come to the mind of one skilled in 
the art having the benefit of the teachings presented 
in the foregoing descriptions and the associated 
10 drawings. Therefore, it is to be understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that the modifications and 
embodiments are intended to be included within the 
scope of the dependent claims. 



